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Using A Photoconductive Chopper 



TWO OF THE paramount considerations 
in designing a dc micro volt meter are mini- 
mizing noise so that high sensitivity^ can be 
obtained and then achieving freedom from 
drift on the resulting sensitive ranges. In gen- 
eral, freedom from drift is usually sought by 
using mechanical choppers to permit an ac- 
coupled amplifier to be used, while low noise 
is sought by heavily restricting the bandwidth 
of the amplifier. Using mechanical choppers is 
expensive, however, and often introduces other 
sources of noise into the amplifier. In addition 
and more Important from a measurement 
standpoint^ if line frequencies are used to drive 
the chopper, as is almost always the case, the 
measurements are susceptible to large errors 
when line-frequency hum is present in the dc 
voltage or current being measured. 

The new dc tnicro volt-ammeter shown in 
Fig, 1 achieves higher sensitivity and hnver 
drift than established designs by using a non- 



mechanical chopper consisting of long-life 
photoconductor elements. The modulator is 
operated at other than line frequency so that 
extremely low t^i^ct from 60- and I2()-C}xle 
ripple in the measured dc is obtained. Neg- 
ligible zero drift Is obtained by meticulous at- 
tention to overall design, while calibration is 
stable and accurate because of feedback. The 
resulting instrument has a maximum full-scale 
voltage sensitivity of =^10 microvolts and a 
full-scale current sensitivit)' of ^H) micro- 
microamperes combined with a high input im- 
pedance for voltage measurements and a drift 
of not more than 2 microvolts per hour. Under 
usual operating conditiotis, drift is less than 1 
microvolt over a period of several hours. The 
instrument also has a floating input, a factor 
that has special advantages in the microvolt 
region, as described later. 

The basic power sensitivity of the instru- 
ment is better than (0 '"^ watt, which, for an 
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Fig. 2. Typkal siuhHtty of in.^ tram eat is hitikdied hy ahfive 
tweniy-five mifiute zero drift ntorJ made oti i/nit's mont a-fisiiive 
tiiftg^. One semi-major vertical divhtmi is equal to I mkroioft 
foiie-tenth of f^tll nahh Drift is typically it ell heloii' 1 fiv per botir. 
Fin^ structMre in record is descrihed in Figs. 4 ami 5. 

Fig. I (left), Sew -hp- Model 42^A Wif:rn Volt-Ammetty has 
maxim// m {//ll-scale setisititity of ±10 mfcrotolts ami ztiO-mitro- 
micrfjamperes /ir a haste poiter sensitivity of better than 10^"^ wall. 
Al the same time il has very lotr sensitivity to line-freq/iency rfpple 
in dc being meas//red. 
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Fig. 3- Basic circnii arrangemeni of -hp- Model 425 A Mkro Volt -Ammeter. 



acceptable speed and noise level, is 
an advance in the art for a high-im- 
pedance instrunnent. In voltage and 
current terms, a dc measuring instru- 
ment capable of measuring 10 micro- 
volts or 10 micro- microamperes fall 
scale increases the measurement 
threshold for many phenomena. In 
the electrical iield it is valuable for 
measuring strain gage and thermo- 
couple potentials, IR draps in con* 
ductors and switch znd relay con- 
tacts, minute currents such as grid, 
photomul cipher and ionization gage 
currents, and very large resistances. 
It is also valuable for measuring po- 
tentials in both animal and plant 
biology as well as other chemical 
potentials. 



CIRCUIT ARRANGEMENT 

The basic circuitry of the instru- 
ment is indicated in Fig. 3. From an 
operational standpoint the modula- 
tor can be considered as a chopper 
that alternately connects and discon- 
nects the ampliiier input from the dc 
soiirce being measured at a 50 cps 
rate. Following the modulator is a 
five-stage amplifier with a basic gain 
of 140 db. Selectivity ccjrresponding 
to a Q of about 10 is incorporated in 
the ampliiier to limit noise to well 
below the saturation level of the 
later amplifier stages. 

The ampHficr is followed by a syn- 
chronous demodtdator similar to the 
modulator and by a selective filter 
which gives the overall instrumeot 



a frequency range of from dc to 
about 0.2 cps in the highest gain 
position. Overall feedback of at least 
30 db in the highest gain position 
and more on lesser gain positions 
makes the system essentially inde- 
pendent of tube and line voltage 
effects. Output terminals in parallel 
with the metering circuit permit the 
instrument to be used as a dc ampli- 
fier with an output of 1 volt and 
with a maximum gain of 100 db in 
the most sensitive position. 

To avoid disturbance of the input 
circuit, range changing is acconv 
plished by varying the return gain 
in the amplifier feedback circuit* 
Eleven voltage ranges provide for 
measurements from ^ 10 microvolts 
full scale to ± 1 volt full scale; 18 
current ranges provide for measure- 
ment from ztlOrjna full scale to 
:±:3 ma full scale. All ranges are re- 
lated in a 1-3* 10 sequence* 

BASIC SENSITIVITY CONSIDERATIONS 

The use of si 50-cps carrier fre- 
quency for the amplifier combined 
with a narrow bandwidth makes the 
amplifier practically insensitive to 
60- or 120-c>'cie voltages in the dc 
circuit being measured. To produce 
an observable offset on the meter, 
such voltages have to be large 
enough to saturiite the amplifier. In 
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Fig. 4, Typical uartn-up drift characteristic of ^^ost sensitive range ( 1 fi\ j/iil scaieL One semi-major vertical chart divi^ 
sioft eqtiah i trtictfjtfjit. Large transient at left of records in hoth figs. 4 and 5 is insirttmetti tftrn-nn transient. Steps in first 
two min/itex of record are initial zero adjustments, fine strrtdnre is nois^ trbich is basic serisititity limifation of instruftient 
and n rjft*d :ts being less than fK2 mitroi oft rmn. In a record Tficb ,/t tbii;. ufi't^e appcurs tiorse th.ni n hen uatchin^ meter 
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Fig. 5. lypicai tr arm-up drift characi eristic simUar to it} at of fig, 4 except on second most seusitiie range (30 ft\ full scale L 

©Copr. 1949-1998 Hewlett-Packard Co. 



pnicticai terms this means that fyO- 
ips signals have to he well a hove 50 
dh ahove full scale on the three most 
sensitive ranges. Hven a 50 cps sig- 
nal, should it he encountered, has to 
he considerahly larger than full scale 
in order to cause appreciahle error, 
since the input fdter has its maxi- 
mum rejection at that frequency. 

1 hese considerations result in the 
fact that the chief limitation on sen- 
sitivity for the instrument is thermal 
noise in the input circuit. Assuming 
an equivalent noise bandwidth for 
the system of 1 cycle, the thermal 
noise from resistance in the input 
circuit calculates toahout 0.06 micro- 
vo 1 1 r ms, \\ h i I e fl i c ke r n o i se re f e r red 
to the input is about 0.03 microvolt 
mis. Total random noise referred to 
the input is thus of the order of 0,1 
m i cru vo 1 1 * T h i s ag ree s we 1 1 \\ i i h t* b - 
served results (see Fig. 4), and the 
instrument is rated as having less 
than 0.2 microvolt rnns noise reading, 

STABILITY -----. -^ 

I'he performance of the instru- 
ment is perhaps best summarii^ed by 
the curves shown in Figs. 4 to 6. Figs. 
4 and 5 show warmup drift on the 10 
microvolt and .^0 microvolt ranges 
at room temperature. Typical noise 
readings are also visible on the rec- 
ords. On the 100 microvolt range 



Jig. 6. 1 ypkai effexi of large 
line t r/hitge ihttngri on mo^t 
sensifhe rmige (10 /iv ftdl 
iCiileh Effect I J ^mall hut di- 
miifhh^S proporiifjt/nleiy ^,i 
range vtilne^ are htc reused. 
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noise readings are almost undetect- 
able. The record is arranged so that 
one semi-major chart division corre- 
sponds to one major division on the 
meter face, i.t\» 1 microvolt in Fig. 4 
and 5 microvolts in Fig. 5. 

Typical line voltage effects on 
zero shift are indicated in Fig. 6 for 
a zt 10- volt change from 1 15 volts on 
the most sensitive range. 

FIOATING INPUT 

The instrument is designed with 
an isolated chassis w^hich can be 
grounded to the cabinet if desired by 
means of a grounding Jink at the 
back. The isolated chassis, however, 
permits the instrumeni lo be used 
to measure off -ground voltages such 
as small differences between large dc 
vol rages » since the chassis can be op- 
erated with up to 400 volts between 
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chassis and cabinet. Ihe output ter- 
minals on the rear further permit 
the i n s t r u nie n t to i>pe ra te a recorder 
for making drift records in such 
voltage sources. 

INPUT IMPIDANCE 

Basically, the instrument has a 
ve r y high i n p v u i ni ped a n ce in excess 
of 50 megohms. In order to have a 
fixed input impedance to shunt for 
current measuring purposes, a 1 
megohm resistor is placed internally 
across the input terminals, giving 
the instrument a 1 megohm input 
resistance on voltage measurements. 
If a high impedance of 50 megohms 
or more is desired, this resistor can 
be omitted at the factory. Current 
measurements on the more sensitive 
ranges will then require either plac- 
ing an accurate I megohm resistor 
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(Fig. 4 tiintinucd) 

pmnter, iitii;e in a record the eye fettds !*> follow peak taifies while in a meter ihe eye ieftds io see the shttrt term m*erage 
valf/e of the meter flttctnalimts uht€h varies only about one- sixth as much as peak value. In any case noise is small enough 
and stahiliiy high enough that readings can he made to ahotit 0,1 microvolt. Noise deflection diminishes, of courM*, as range 
tiflfie^ if re ifiiff'.T^t'd ffii^r '^ ^ 
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across the terminals or making meas- 
urements in terms of the IR drop 
across a nut her known resistance. 

The input resistance on current 
measLirements varies from 1 meg- 
ohm on the most sensitive ranges to 
0.33 ohm on the least sensitive 3 ma 
range and is listed elsewhere herein, 

OVERLOAD PROTECTION 

The input circuit is arranged with 
a small gas tube which fires at about 
70 volts to protect the instrument 
From accidental momentary appli- 
cation of voltages Lip to 1,000 volts 
between the terminals* 

IKSTRUMiNT PRO&I 

Thf instrunjeni dcMgn includes a 
special probe for connecting to the 
source to be measured. The probe is 
constructed in penholder style with 
clips operated by flanges on the 
probe body- The clips themselves are 
formed from metal that has a low 
thermal emf value to copper, the 
statidard metal for measurement 
purposes. 

RESPONSE AND METER DATA 

The indicating merer is a large 
6" zero-center type which is pro- 
vided w^ith high readability scales, 
as shown in Fig, 7, The movement 
includes a mirror scale for minimiz- 
ing parallax. 

For all but the most sensitive 
range, the response time of the in- 
strument is essentially that of the 
meter movement itself which is a 
fraction of a second. On the most 
sensitive range, response time is 
about 2 seconds* On any range over- 
shoot is negligible. 

MEASUREMENT CONSIDERATIONS 

Measuring voltages in the micro- 
volt region often involves phenom- 



lig. ^ {left) Z^f/'cen- 
ter meter scales (here 
reprfjdiaed appro\\ 
(ili^r <jj itdl siz^) are 
reliiteti ill / - i - JO 
ieqtu'fHe. Meter icaU 
is mirrored. 



ena which are given little considera- 
tion in other work* The main effect 

of these factors is that unrealized 
voltages will be included in the meas- 
urement. Ground currents flowing 
in a system under measurement, for 
example, can readily raise the pt^ten- 
tial at one point of a metallic ground 
from 10 to 100 microvolts above an- 
other point in a typical case. 

Ci re u i ts i n vo 1 v i ng ca pa ci tors bring 
into effect the matter of dielectric 
absorption. Most capacitors will re- 
tain portions of a charge for intervals 
from minutes to days and can thus 
introduce voltages w^hich may need 
consideration* 

Thermoelectric effects also intro- 
duce voltages of sizable proportions 
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in this region. Similarly, electro- 
chemical effects, although probably 
less common than the effects named 
above, can occur in surprising ways* 
insulators such as phenolic types can 
produce galvanic emf's when used to 
support metallic studs or terminals 
and thus introduce error voltages 
into sensitive measurements. 

For many of these cases the float- 
ing input of the instrument is valu- 
able, since it enables the full sensi- 
tivity of the instrument to be used 
in measuring the magnitude of these 
effects, either in accounting for dif* 
fere nee measurements or in specific 
investigation of such emf*s. 
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Atzoracy: ;. 3% exclus^ v? of noi&e nnd dfiff 
specified befow. 

Fr^pvsnzy Ron^v As An Ampfffierr DC to op- 
prox. 0.2 cps 3 db poinl) on 10 f;v or 10 
;//jp range. DC io opprox. 1 cps. on higher 
rcingi^!!, 

Max. Output of Amplifiej'." AdjuiAtobfe, T 

voit dc, 

Oufpvt JrApedonce; 5,000 ohm pot ocrofs in- 
ternoS impedanGe of 10 ohms or ha. 

Mcjf, Voita^i^ GtfJrt as pn Ampjj/ier: lOO db. 

Nois^ of Oufpu^ Terminais ar on Msten Lcsi 

thpn 0.2 /jv rms referred to input lerminoiji. 
Drrff; lea thon 2 ^v pet hour of ter 15, minute 

wormup, 

tnput Jjo/ohon.- Irtpui tefminpls ore floating 
ond can be connected in fommoFi yp to 400 
volts from ground; mput proftcted from 
occidenlpl opplicolion of vp to 1.000 voltsi 
pcrofs Input; grounding link provided pl 
ffiof for qirounding one side to chassiii if 
de^irf-d. Ground side of OMtpijt is common 
with ground side of input. 

Power-, Operated from llS volts ±10 volti, 
60 cps; rcqtiirfr$ opprox, 40 watts. 

Oimensronj: Cobinef mount: /^-'s" ^ide, 1 1 V4'' 
high, 14" deep. Hack mount: 19" wide, 7" 
hlgh^ 10-^4" deep. 

Weight: Cobmet mounf, li Ibi.; rock movnf« 
20 Ihi. 

Shjpping Weigh tr Cabinet mount, 24 lbs.; 
rock, mount, 2B lbs. 'oppFox.'i 

Prite: Mode) 425A cabmet mount, for 60-cps 
line operotion^ S5O0.0O. 
ModeJ 425AR rock mounts for 60-cps line 
operation, S505,00: for 50-cp& line on ipe^ 
cioj order. 

Prices f.o.b. PoJo Ako^ ColiFornia. 
Doto subject to cban^e without notice. 
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